Introduction and Historical Perspective
Acetylcholine (ACh) is the major excitatory neurotransmitter which regulates motor functions in both free-living and parasitic nematodes (Segerberg and Stretton, 1993; Rand and Nonet, 1997) . Consistent with the use of cholinergic motor neurons, acetylcholinesterase (AChE) has been localized to nerve fibres and neuromuscular junctions in a range of species. Paradoxically, however, many parasitic nematodes also secrete AChE from specialized amphidial and secretory glands. This was initially discovered via cytochemical staining of sections of Nippostrongylus brasiliensis by Lee (1970) , and led to the rapid documentation of AChE secretion in a number of species by Ogilvie et al. (1973) . Despite the fact that these original studies were performed some 30 years ago, we still do not understand the physiological function of these enzymes. This chapter reviews the current information on the properties of nematode secreted AChEs and attempts to distil past and current thoughts on their potential function.
Cholinesterase Structure and Function
The classical role of AChEs is to terminate transmission of neuronal impulses by rapid hydrolysis of ACh. The closely related butyrylcholinesterases (BuChEs) or pseudocholinesterases have a less stringent substrate specificity but their function remains ill-defined. In mammals, BuChE is found at high concentration in the plasma and the gut, where it has been CAB International 2001. Parasitic Nematodes (eds M.W. Kennedy and W. Harnett) postulated to play a role in detoxification of plant esters ingested in the diet (Taylor, 1991) . Both AChEs and BuChEs are expressed at other sites in the body such as haematopoeitic cells and the developing nervous system, in which a variety of roles such as regulation of differentiation and morphogenesis have been proposed (reviewed by Massoulié et al., 1993) .
Cholinesterases exist in multiple molecular forms distinguished by their subunit interactions and hydrodynamic properties. In vertebrates, alternative splicing of a single AChE gene generates distinct catalytic subunits which may be assembled into asymmetric (A) or globular (G) forms, the latter consisting of monomers (G 1 ), dimers (G 2 ) and tetramers (G 4 ) of a catalytic subunit. Asymmetric forms are composed of one to three tetramers linked to Q subunits which associate with the basal lamina of neuromuscular junctions. Globular forms may be hydrophilic or amphiphilic, the latter associating with cell membranes via glycolipid anchors or a non-catalytic subunit bearing covalently attached fatty acids (Massoulié et al., 1993) . In contrast, invertebrates appear exclusively to express globular forms of AChE, which invariably show considerable activity against BuCh (Toutant, 1989) .
Resolution of the structure of AChE from the electric ray Torpedo californica highlighted the surprising observation that the catalytic triad was located at the base of a narrow gorge extending approximately halfway (20 nm) into the enzyme (Sussman et al., 1991) . This was unexpected, given the extremely high turnover rate of the enzyme. ACh is oriented in the active site by interaction of the quaternary nitrogen of choline with Trp-84, and is thought to be attracted to this site by a strong electrostatic dipole aligned with the gorge, which is lined with 14 aromatic residues (Ripoll et al., 1993) .
Nematode Acetylcholinesterases
In contrast to vertebrates and insects, nematode AChEs are encoded by separate genes. Unsurprisingly, this is best defined in Caenorhabditis elegans, which is now known to possess four AChE genes (Grauso et al., 1998) . The two major classes of enzyme, A and B, encoded by ace-1 and ace-2, are required for normal motility but appear to have overlapping functions. Class C AChE accounts for less than 5% of the total activity in the worm (Kolson and Russell, 1985) , whereas class D represents less than 0.1% of activity. Homozygous mutants in ace-1, ace-2 or ace-3 have no visible phenotype, whereas ace-1/ace-2 mutants are severely uncoordinated, and the triple mutation is lethal. Recent studies indicate that ace-1 is expressed in the musculature of the body wall, anal sphincter, vulva and pharynx, in addition to cephalic sensory neurons (Culetto et al., 1999) . In the closely related nematode Steinernema carpocapsae, ace-1 encodes a hydrophilic catalytic subunit which is assembled into an amphiphilic tetramer via disulphide bonding to a hydrophobic (non-catalytic) subunit, and ace-2 encodes an amphiphilic catalytic subunit which assembles into a glycosyl phosphatidylinositol-linked amphiphilic dimer (Arpagaus et al., 1992) .
Neuronal AChEs from parasitic nematodes are less well defined. A single dimeric amphiphilic (G 2 a ) form has been described in Parascaris equorum (Talesa et al., 1997) , and two forms of AChE have been detected in Trichinella spiralis which sedimented at 5.3 S and 13 S in sucrose gradients (deVos and Dick, 1992) . We have identified a detergent soluble enzyme in somatic extracts of N. brasiliensis which resolved at 10.2 S and was shifted to 9.4 S in the presence of Triton X-100, suggestive of a tetrameric amphiphilic (G 4 a ) form (Hussein et al., 1999b) . Although it has been suggested that parasitic nematodes might express a more restricted repertoire of AChEs than free-living forms (Talesa et al., 1997) , we see no compelling reason for this assumption. The existence of four AChEs in C. elegans was determined with the aid of genetic analysis and the genome project, resources largely unavailable to those working on parasitic species. It is worth pointing out that 95% of AChE activity in extracts of C. elegans is accounted for by two gene products, and thus any analogous minor variants in parasitic species are most likely to have been overlooked at present by the biochemical assays employed.
Acetylcholinesterase Secretion by Parasitic Nematodes
The unusual phenomenon of AChE secretion by parasitic nematodes has been largely documented by analysis of products secreted during in vitro culture. This is the case for most nematode excretion/secretion (ES) products, and assumes that this is indicative of secretion in vivo. The potent antigenicity of these enzymes in experimental infections suggested that they were indeed secreted McKeand et al., 1994) and we have recently confirmed this by recovery of AChE from the jejunal lumen of rats infected with N. brasiliensis (W.S. Russell et al., 2000, unpublished results) . Secretion of AChE is largely restricted to parasites of the alimentary tract, though there are a number of exceptions. The cattle lungworm Dictyocaulus viviparus, and Stephanurus dentatus, which colonizes the ureters of porcine kidneys, both secrete AChE (Rhoads, 1981; McKeand et al., 1994) . Conversely, the phenomenon of AChE secretion is not shown by all nematodes that colonize the gastrointestinal tract , raising questions about the biological function and necessity of these enzymes for parasite establishment. There appears to be no obvious discrimination between secretors and non-secretors based upon whether the parasites reside in the lumen or are firmly anchored to or invade mucosal tissue. Thus, N. brasiliensis and Ascaris spp. are both luminal dwellers, although only the former parasite secretes AChE. Necator americanus secretes large quantities of the enzyme, whereas T. spiralis does not. An interesting twist to the story is provided by studies on N. brasiliensis, which secretes three distinct isoforms of AChE, designated A, B and C . These enzymes can be easily separated by nondenaturing electrophoresis due to their distinct pIs, and this is illustrated in Fig. 11 .1, which also shows the distinct electrophoretic properties of the amphiphilic enzyme (arrowed) found only in somatic extracts and therefore presumably associated with neuromuscular function. The overall amount of AChE produced by this parasite increases dramatically following establishment in the jejunum, and a switch in isoform expression occurs, from initial predominant expression of form A to subsequent exclusive expression of forms B and C (Edwards et al., 1971; Blackburn and Selkirk, 1992a) . Intriguingly, it has also been shown that the amount of AChE produced by these parasites appears to be regulated in part by the immune status of the mammalian host. Transfer of parasites into immunologically naive hosts results in reduced levels of nematode AChE (Sanderson et al., 1972) . Administration of the broad anti-inflammatory agent cortisone to infected rats leads to a similar reduction of parasite AChE, whereas passive transfer of immune serum results in up-regulation of enzyme expression (Jones and Ogilvie, 1972) . These data suggest that expression of parasite AChEs may be regulated by an unidentified component of the host immune response and may contribute to maintenance of their position in the gastrointestinal tract.
Forms and Properties of the Secreted Enzymes
In contrast to the neuromuscular enzymes, results to date suggest that all nematode secretory AChEs are non-amphiphilic, although both monomeric and dimeric forms have been documented. Analysis of the AChE activity secreted by N. americanus indicated that it existed as a single G 2 na form , whereas both monomeric and dimeric hydrophilic-secreted AChEs have been described for Trichostrongylus colubriformis (Griffiths and Pritchard, 1994) . The three isoforms of AChEs secreted by N. brasiliensis are all monomeric, between 69 and 74 kDa in apparent mass, and analysis of substrate specificity and sensitivity to a panel of cholinesterase inhibitors indicates that they can all be classified as true AChEs rather than BuChEs (Grigg et al., 1997) .
Like the neuronal AChEs of C. elegans, the three secreted enzymes of N. brasiliensis are encoded by separate genes. We have complete cDNA sequences of forms B and C (Hussein et al., 1999a (Hussein et al., , 2000 and are currently finalizing the sequence of form A (A.S. Hussein et al., 2000, unpublished results) . The key features of the primary structure of AChE B and AChE C are illustrated in Fig. 11 .2 in comparison with those of the Torpedo AChE. Both nematode enzymes lack the carboxyl-terminal cysteine implicated in dimer formation in vertebrate AChEs, which explains their monomeric nature. The carboxyl terminus is severely truncated in comparison with vertebrate enzymes, aligning at a position approximating to the end of the catalytic domain of Torpedo AChE. In this respect the Nippostrongylussecreted AChEs are similar to another hydrophilic monomeric enzyme with a truncated carboxyl terminus found in venom from the krait Bungarus fasciatus (Cousin et al., 1996) . The sequences of AChE B and AChE C otherwise show features consistent with AChEs from diverse species. The residues that constitute the catalytic triad are conserved, as are the six cysteine residues implicated in disulphide bond formation. An additional two cysteine residues are present, but it is not known at present whether they contribute to an additional intramolecular disulphide bridge. Eleven of the 14 aromatic residues lining the gorge are either conserved or show conservative substitutions in both of the N. brasiliensis enzymes. Two of the aromatic residues (Tyr-70 and Phe-288 in Torpedo), which are substituted in the nematode sequences by Thr/Ser-65 and Met-301, are also substituted by non-aromatic residues in mammalian BuChE (Lockridge et al., 1987) and C. elegans ACE-1 (Arpagaus et al., 1994) .
Mutagenesis studies on Torpedo and human AChE have shown that Phe-288 and Phe-290 dictate substrate specificity, most probably via steric occlusion, but also possibly by stabilizing the substrate in an optimal position for catalysis (Harel et al., 1992; Ordentlich et al., 1993) . The intermediate substrate specificity of certain invertebrate enzymes such as C. elegans ACE-1 and Drosophila melanogaster AChE (both enzymes hydrolyse BuSCh at approximately 50% the rate of ASCh) has been suggested to be due to the substitution of Phe-288 by glycine and leucine, respectively (Gnagey et al., 1987; Arpagaus et al., 1994) . Replacement of Phe-288 in Torpedo and human AChE by non-aromatic residues greatly enhanced the ability of these enzymes to hydrolyse butyrylthiocholine (BuSCh), in addition to conferring sensitivity to inhibition by the BuChE-specific inhibitor iso-OMPA (Harel et al., 1992; Ordentlich et al., 1993) . Both AChEs 216 M.E. Selkirk et al. Fig. 11 .2. Schematic representation of the primary structure of secreted AChE B of N. brasiliensis in comparison with that of Torpedo californica, for which the three-dimensional structure has been resolved. The residues in the catalytic triad (Ser-His-Glu) are depicted with an asterisk, and the position of cysteine residues and the predicted intramolecular disulphide bonding pattern common to cholinesterases is indicated. An insertion of 17 amino acids relative to the Torpedo sequence, which would predict a novel loop at the molecular surface, is marked with a black box. The 14 aromatic residues lining the active-site gorge of the Torpedo enzyme are illustrated. Identical residues in the nematode enzyme are indicated in plain text, conservative substitutions are boxed, and non-conservative substitutions are circled. The amino acid sequence of AChE C is 90% identical to AChE B, and differs only in the features illustrated in that Thr-70 is substituted by Ser.
secreted by N. brasiliensis have a methionine residue in the position corresponding to Phe-288 in the Torpedo enzyme. The triple mutant (M300G/ W302F/W345F) showed good activity with propionylthiocholine (PSCh) and BuSCh, indicating that the collective effect of larger residues in all these three positions acted to restrict access of larger substrates (Hussein et al., 2000) . These experiments suggest that the differences in substrate specificity between the nematode-secreted AChEs and other invertebrate neuronal enzymes can be explained by relatively simple substitutions in residues lining the active-site gorge. Nevertheless, anomalies exist in that both the wild type and mutant AChEs secreted by N. brasiliensis are insensitive to iso-OMPA (Hussein et al., 1999a (Hussein et al., , 2000 in contrast with analogous mutants of vertebrate AChEs and invertebrate enzymes, including the N. brasiliensis somatic AChE (Hussein et al., 1999b) . It will therefore be informative to determine the primary structure of the somatic (neuronal) N. brasiliensis AChE(s), as it is not only inhibited by iso-OMPA but also displays significantly greater activity than the secreted enzymes against butyrylcholine (BuCh) (Fig. 11.3 ).
Putative Functions for Secreted Acetylcholinesterases
The unusual phenomenon of AChE secretion by parasitic nematodes has naturally provoked considerable hypotheses concerning their physiological function (Rhoads, 1984; Lee, 1996) , though most of these have not yet been systematically investigated. There has been a recent minor revival of interest in this subject, and we therefore hope that the coming years might provide answers to what has been a long-standing conundrum. Putative functions of the nematode-secreted AChEs are discussed in the following sections.
Regulation of intestinal peristalsis or local spasm
This was the original hypothesis put forward by Lee (1970) and expanded by Ogilvie et al. (1973) . Secretory products of N. brasiliensis do indeed decrease the amplitude of contractions of segments of uninfected rat intestine maintained in an organ bath, but a role for AChE in this phenomenon was discounted due to the heat stability of the parasite factor, and the inability to duplicate the effect with AChE from the electric eel (Foster et al., 1994) . Subsequent investigations demonstrated that the suppression of contraction could be duplicated by a 30-50 kDa fraction of secreted products, which contained a protein of 30 kDa that was immunologically cross-reactive with mammalian vasoactive intestinal peptide (VIP). Moreover, an antibody to porcine VIP significantly reduced the inhibitory effect of parasite-secreted products on contraction in vitro (Foster and Lee, 1996) .
The ability of such a protein to access the muscularis externa and thereby influence peristalsis in vivo has to be called into question, but a role for regulation of local spasm via inhibition of the muscularis mucosa is feasible. Similarly, a role for parasite AChEs in the latter phenomenon cannot yet be discounted.
Regulation of intestinal transport processes
It has been known for some time that the enteric nervous system does not simply regulate smooth muscle contraction, but is intimately involved in the control of transport processes in enterocytes. Nerve fibres in the mucosa terminate subjacent to the basement membrane of epithelial and enteroendocrine cells, on which muscarinic acetylcholine receptors (mAChRs) have been localized. Muscarinic AChR agonists evoke chloride secretion from intestinal epithelial cells and the electrogenic flux creates an osmotic gradient, resulting in movement of water into the lumen (Cooke, 1984) . In addition, these agonists evoke mucus secretion from goblet cells. This can be elicited by electrical field stimulation of rat ileum, and is blocked by preincubation in tetrodotoxin or atropine, indicating regulation by cholinergic elements of the enteric nervous system (Phillips et al., 1984) . Direct application of ACh results in rapid mucus secretion from intestinal crypt goblet cells maintained in an organ culture system (Specian and Neutra, 1980) . Additionally, ACh stimulates active chloride secretion from enterocytes, and this effect can be blocked by atropine, indicating the involvement of muscarinic cholinergic receptors (Cooke, 1984) . It is likely that these secretory events contribute to expulsion of pathogens and noxious agents from the gastrointestinal tract. Fluid and mucus secretion are stimulated during primary infection with nematode parasites, and are rapidly and intensely stimulated upon secondary infection. Anaphylaxisinduced chloride secretion from enterocytes of rats infected with T. spiralis can be blocked by histamine and serotonin receptor antagonists, and is also substantially inhibited by tetrodotoxin and atropine, implicating both mast cells and the enteric nervous system in the regulation of this response (Castro and Arntzen, 1993) . Serotonin, histamine and prostaglandin E2 are known to evoke substantial release of ACh in intestinal preparations, and this has also been documented following intestinal anaphylaxis (Javed et al., 1992) . It is therefore an attractive proposition that AChEs secreted by nematode parasites of the gastrointestinal tract act to inhibit secretory responses by hydrolysing ACh released from the enteric nervous system.
Regulation of lymphoid/myeloid cell functions
Rhoades (1984) first suggested that nematode secretory AChE might modulate the host inflammatory response, in a thought-provoking review in which she noted that ACh had been recorded to have numerous effects on leucocytes, including stimulation of chemotaxis and lysosomal enzyme secretion by neutrophils, histamine and leukotriene release by mast cells, and augmentation of lymphocyte-mediated cytotoxicity. More recently, muscarinic agonists have been shown to stimulate exocytosis in Paneth cells, epithelial granulocytes located at the base of the crypts of Lieberkühn (Satoh et al., 1992) . The granules of these cells contain a variety of antimicrobial products, including an array of pore-forming proteins termed cryptdins or crypt defensins (Ouellette and Selsted, 1996) , although to our knowledge these have not been tested for toxicity against macroparasites such as nematodes. The presence of muscarinic ACh receptors (mAChR) on lymphocytes has been inferred from radioligand binding studies using [ 3 H]quinuclidinyl benzilate or [ 3 H]N-methyl scopolamine (Eva et al., 1989) . These reports should be treated with caution, as although muscarinic agonists induce interleukin-2 secretion in a murine T cell hybrid transfected with a gene encoding a muscarinic subtype 1 (m1) AChR (Desai et al., 1990) , the demonstration of naturally occurring AChRs on lymphocytes has relied predominantly on radioligand binding, and is complicated by the finding that, in lymphocytes, antagonists show a lower affinity than in other tissues (Costa et al., 1995) . Conclusive determination of the expression of AChRs on lymphoid or myeloid cells should now be easily demonstrable with the array of antibody and DNA probes available. Messenger RNA for m3, m4 and m5 subtypes has been detected by RT-PCR in human blood mononuclear cells, and m3 and m4 receptors have similarly been detected in rat blood mononuclear cells, although at levels approximately 10 2 and 10 5 times lower than in cells of the cerebral cortex (Costa et al., 1994 (Costa et al., , 1995 . The significance of such low-level expression of AChRs is unclear but it should be emphasized that these data were obtained with quiescent cells. An immediate imperative, therefore, is to correlate alterations in levels of expression of these receptors as a result of nematode infection with functional assays.
Hydrolysis of alternative substrates
It is possible that nematode-secreted AChEs act on alternative substrates to ACh. We had previously suggested, on the basis of structural similarity, that platelet-activating factor (PAF), a potent phospholipid mediator of inflammation, might represent such an alternative substrate (Blackburn and Selkirk, 1992b) but subsequent studies demonstrated that purified AChEs did not cleave PAF, and the enzyme responsible for this activity in secreted products of N. brasiliensis, PAF acetylhydrolase, was purified and defined as a distinct heterodimeric protein (Grigg et al., 1996) . Although an open mind on the subject sould be kept, the strict substrate specificity of the nematode-secreted AChEs suggests that they most likely act on ACh alone.
Binding to ingested AChE inhibitors
A number of natural inhibitors of cholinesterases exist in the form of plant alkaloids such as physostigmine from the calabar bean, or chaconine and solanine from green potatoes (Jbilo et al., 1994) . BuChEs may therefore act as a first line of defence against such toxins that are eaten or inhaled, providing protection against sensitive neuronal AChEs by acting as a systemic 'sink' for absorption of these compounds, and this suggestion is supported by a study in which high levels of BuChE mRNA were found in the liver and lungs (Jbilo et al., 1994) . In a similar manner, plant-derived inhibitors ingested via the alimentary tract might have presented sufficient threat of interference with parasite neuromuscular function as to drive the expression of secreted AChEs as a front-line defence. There are logistical problems with this argument, however -not least the natural avoidance of such foodstuffs by animals, and the presence of high concentrations of host-derived BuChE, which would seem to render the action of parasite AChEs redundant. Expression of BuChEs is certainly affected by exposure of individuals to cholinesterase inhibitors such as organophosphates (Soreq and Zakut, 1990) , although it is unlikely that nematode-secreted AChEs have evolved to provide protection against such artificial compounds. Nevertheless, it would be interesting to evaluate the resistance of nematodes to ChE inhibitors with respect to their capacity to secrete AChEs.
Acetylcholine Receptor Expression in the Intestinal Tract
We are currently engaged in examining the expression of muscarinic AChRs in rat intestinal mucosa throughout infection with N. brasiliensis. Immunocytochemistry with the monoclonal antibody M35, which is pan-specific for all muscarinic receptor subtypes (Matsuyama et al., 1988) , has yielded staining of the basolateral domain of mucosal epithelial cells in the jejunum as expected, but also revealed expression of mAChRs on unidentified cells in the lamina propria, observed only in infected animals. The intensity of staining increased progressively, following entry of parasites into the jejunum, reaching a plateau around day 10 post-infection (Russell and Henson, 2000, unpublished results) . These alterations in AChR expression may provide a lead to understanding the reasons for AChE secretion by parasitic nematodes. It is therefore a priority to identify the AChR-positive cells in the lamina propria, and we are currently addressing this issue. If these experiments implicate AChR expression on lymphoid or myeloid cells, then this would open up a new area for investigation of neural regulation of the immune system. Possible points of interaction with mucosal cellular functions stimulated by ACh are summarized in Fig. 11 .4. Several of the postulated roles for nematode-secreted AChEs assume that they gain access to the intestinal mucosa. Several possibilities exist for transport of parasite AChE across the epithelial cell barrier, such as: (i) utilization of existing pathways for receptor-mediated transcytosis; (ii) a paracellular route facilitated by parasite-secreted proteases as observed for a bacterial elastase (Azghani et al., 1993) ; and (iii) increased paracellular permeability resulting from inflammatory events in the mucosa. We consider the latter suggestion most likely, as this has been duplicated by ex vivo perfusion with rat mast cell protease II (Scudamore et al., 1995) . Moreover, cholinergic stimulation attenuates epithelial barrier properties to macromolecules in rat ileal crypts (Phillips et al., 1987) .
Nematode Acetylcholinesterases as Drug Targets
Effective broad-spectrum anthelmintics have been available for many years and, with the notable exception of the benzimidazoles, tend to be targeted towards neuromuscular functions. The avermectins promote opening of glutamate-gated chloride channels, exerting a major effect via paralysis of pharyngeal pumping. Drugs such as levamisole and pyrantel are nicotinic acetylcholine receptor agonists, and act at neuromuscular junctions causing spastic paralysis, whereas piperazine is a GABA (gamma-aminobutyric acid) receptor agonist and causes flaccid paralysis. AChE inhibitors such as haloxon, metrifonate and aldicarb result in accumulation of ACh at neuromuscular junctions and also lead to paralysis via sustained contraction (Martin, 1997 ; see also Chapter 21).
There is a need for development of new anthelmintics, as resistance in livestock has been recorded against benzimidazoles, imidothiazoles and the avermectin/macrocyclic lactones, in addition to older drugs such as organophosphates. Although the overall incidence is difficult to determine, there is a clear trend towards development of resistance on a global scale (Sangster, 1999) . There is a natural tendency to scepticism when considering AChEs as targets for anthelmintics, as the AChE inhibitors employed to date have been restricted to organophosphates and carbamates, irreversible or quasi-irreversible inhibitors that act by phosphorylating or carbamylating the active-site serine residue of the enzyme. In general, these compounds are non-selective towards nematode AChEs and thus have a low therapeutic index. Variable levels of toxicosis may result from treatment of animals with organophosphates, and they also represent a significant health hazard to handlers of preparations for control of ectoparasites. Environmental contamination is a major concern, as both classes of compounds have been widely used as insecticides in addition to control of plant-parasitic nematodes. Thus, although these compounds are still in use, they are being progressively withdrawn from the market.
In contrast, reversible inhibitors of AChE act in a competitive manner, effecting blockade of substrate at the active site, or non-competitive binding to a region of the enzyme that has been termed the 'peripheral' site, near the lip of the active-site gorge. There are extensive panels of different classes of these inhibitors, developed not only for use as insecticides but also for the clinical treatment of Alzheimer's disease (Giacobini, 1998) . Peripheral site ligands can be highly selective (Eichler et al., 1994) . It is therefore quite feasible that compounds with selective activity against nematode enzymes might be identified or designed, and this possibility is particularly attractive given that the enzymes are well-validated targets for anthelmintics. The primary potential inhibitor selectivity determinants are the eight residues clustered near the opening to the active-site gorge. Five of these residues (Y70, Q74, S81, W279 and G335) in vertebrate AChEs are substituted in the nematode enzymes that we have sequenced to date by S/T, T, A, N and Y, respectively (Hussein et al., 1999a (Hussein et al., , 2000 . In addition, there are substantial differences in 'second shell' residues, which do not flank the gorge but interact with gorge residues, and these residues are known to play a role in selectivity to inhibitors (Mutero et al., 1994) . We therefore intend to screen both secreted and neuronal nematode enzymes for selective inhibitors, correlating this information with differences in primary and ultimately tertiary structure of the enzymes.
Concluding Remarks
Cholinesterases secreted by parasitic nematodes of (predominantly) the alimentary tract or other mucosal tissues are authentic AChEs when analysed by substrate specificity, inhibitor sensitivities and primary structure. In the first two respects, they resemble vertebrate AChEs, whereas somatic (and therefore presumably neuronal) enzymes of nematodes analysed to date display enzymatic properties similar to those of other invertebrate AChEs. The function of the secreted enzymes remains undefined, but may be related to regulation of physiological responses that promote expulsion of parasites by cholinergic elements of the enteric nervous system. These potentially include fluid and mucus secretion from enterocytes and degranulation of Paneth cells, though the possibility of activation of alternative lymphoid cells cannot be discounted until further information is available. Although primary structures of neuronal AChEs have not yet been fully reported for animal parasitic nematodes, the secreted AChEs show sufficient significant differences in residues at the entrance to the active-site gorge to suggest that development of novel, selective inhibitors should be feasible.
